DO NOT BRING TO EXAM

These PowerPoint documents have been made available by DEQ
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Module 14

Channel and Flood Protection
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14a. Channel

Protection Criteria
& the Energy Balance Method

o< "
23
A
=9 (
oo i
Z3
=2

DO NOT BRING TO EXAM



DO NOT BRING TO EXAM

Water Quantity Criteria Channel Protection
9VAC25-870-66. B

Channel Protection

EB
EB or

2-yr
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OVAC25-870-66. Water quantity.

Channel Protection:

Concentrated stormwater flow shall be
released in to a stormwater conveyance
system:
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System Capacity

"Manmade stormwater conveyance system" means a
pipe, ditch, vegetated swale, or other stormwater
conveyance system constructed by man except for
restored stormwater conveyance systems
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System Capacity

"Restored stormwater conveyance system' means a
stormwater conveyance system that has been
designed and constructed using natural channel
design concepts. Includes the main channel and the
flood-prone area adjacent to the main channel.
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PG 6

Manmade stormwater conveyance system:

* Non-erosive capacity for 2-yr peak flow to Limits of Analysis
OR

* Energy Balance (Natural Stormwater Conveyance)
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Restored stormwater conveyance system:

* Development (density, scale, etc.) and peak flow rate
consistent with the design parameters of the restored

system to the Limits of Analysis analysis OR

* Energy Balance (Natural Stormwater Conveyance)
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Water Quantity Control Compllance

‘rf PG ey """_"_" N

Limits of Analysis:
* Channel protection analysis
carried to a point where:

— Site’s contributing DA is < 1% of
total watershed area or

— Site’s 1-yr contributing peak flow
rate is < 1% of total watershed area =
(before implementation of any |
guantity BMPs)
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System Capacity

"Natural stormwater conveyance system' means the main

channel of a natural stream and the flood-prone area adjacent
to the main channel.
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Criteria for the Protection of Natural
Channels

Protection of natural stream channels
— Restore them using natural channel design

— Protect them using the Energy Balance Method
(1-yr event)

— Safe Harbor Provision
(from SWM Law 8 62.1-44.15:28.10)
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Energy Balance

Goal: Establish “balance” exerted by pre- and
post-developed stormwater discharge

(Qpeak,,.*Vol) with improvement factor

(Qpeak*VOI)pre (Qpeak*VOI)post
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What is Energy Balance & Why use it?

Post-development
runoff volume increases

Allowable discharge
decreases

Simple “balance” offsets increase in volume and peak

flow of developed condition hydrology
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Stormwater Quantity

Channel Protection
OVAC25-870-66.A

Energy Balance

Post (Vol, , * Peak Q, ) < Pre (Vol,_ * Peak Q,)(IF)

1-yr 1-yr
PreVoli
1pos S lpre “:
Qupost = Qi (Post VOIJ )

IF = Improvement Factor:
0.8 for sites > 1 acre or 0.9 for sites < 1 acre
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Stormwater Quantity

Channel Protection
OVAC25-870-66.A

Energy Balance

4 Under no condition shall: N

Q] post > Q] pre

Q] pOst < Q] forest * Forest VOl]/POST VOl]
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Why Energy Balance?
§62.1-44.15:28 A.11.
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Flow
Rate

Increased
Volume

) — = Pre-development
Increased Duration P

! ! — Post-Development, no BMPs
Post-Development, conventional SWM

Conventional SWM still releases Increased Runoff Volume
(Detained & released at slower rate, but for Longer Duration)

@ "Low Impact Development”
O\ klncreased or Runoff Reduction
' Volume Practices

Time

DO NOT BRING TO EXAM




DO NOT BRING TO EXAM

Energy Balance

Post-urbanization
(no SWM; 2 x Pre-urban Volume)

Pre-urbanization
Post-urbanization

(Conventional SWM:;
2 X Pre-urban Volume)
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Pre-Development
2-yr Peak

Pre-Development
1-yr Peak
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How Does Energy Balance
encourage ESD?

* RUNOFF REDUCTION

— Decrease volume by
o self-crediting site design
— Less impervious cover
— Minimizing impacts to native vegetation
— Minimize impacts to native soils

o utilizing structural and non-structural Runoff
Reduction practices
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How Does Energy Balance encourage
ESD?

* VRRM Spreadsheet calculates volume
reduction with double credit:

—Reduced Vol
—Reduced Curve Number (CN) 2 Q.

- Energy Balance
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How Does Energy Balance encourage
ESD?

leostS lere( PreVols j “:)

Post Vol
* As Post Vol, reduced

* Pre Vol to Post Vol, ratio increases

* Allowable Q. increases

l *Decreases storage required for peak flow
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Improvement Factor (/F)
§ 62.1-44.15:28

* Requires stormwater regulations to improve
upon contributing share of existing
predevelopment runoff characteristics and

site hydrology . . . .

* At minimum, pre-developed discharge will
be reduced using factor of 0.8 or 0.9

m< "
’/‘:
<8
27
ke
=9 (
Mo {
Z3
-
Sy

DO NOT BRING TO EXAM



DO NOT BRING TO EXAM

Energy Balance Terminology

PrelVol1

OSS re IF
Qipost= Qup PostVoh( )

Description Units Term
NRCS TR-55

Runoff Depth inches (in) QQ s

Runoff Volume cubic feet (ft%) or acre feet (ac.ft.) Vr

Storage Volume cubic feet (ft?) or acre feet (ac.ft.) ,\LS\

Peak Discharge cubic feet per second (cfs) QQQ

VRRM Treatment Volume Runoff Coefficients

Unit-less Volumetric Rv
Runoff Coefficients
VRRM Curve Number Adjustment
Runoff Depth inches RV
VSMP Regulations Channel Protection Criteria (4VAC50-60-65"5
P

Peak Discharge cubic feet per second (cfs) Q
Runoff Volume* cubic feet (ft?) or acre feet (ac.ft.)* RV

*Units of volume in the VSMP regulations Channel Protection Criteria can also be =—
expressed in terms of watershed-inches or inches (consistent with Runoff Depth as ‘ﬁD
expressed in the VRRM CN adjustment.
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Energy Balance: 9VAC25-870-
66.A

How would you write this equation?

R[/prel
1post < Wipre 1= (Regulation)
Q POt Q i (Rl/posﬂj( )
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Energy Balance: 9VAC25-870-
66.A

How would you write this equation?

RI/prel
1post < Wipre |- (Regulation)
Q POt Q " (Rr/posﬂj( )
PreVol:
1post < Q1pre I ) (Simplified)
ipost= Que (Post VOIJ( ) e
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Energy Balance: 9VAC25-870-
66.A

How would you write this equation?

RV
Ql post < lere brel (l = ) (Regulation)
R[/postl
PreVol
Q1post < Q1pre — |(1IF) (simplified)
Post Vol
VTrpra
Jipost = Chpre( j(l F ) (TR-55)
VIpost
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14b. Energy Balance
Design Example
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Energy Balance De5|gn Example: Option 1

\/’/

[No RR]

MAYODAN - >, \ 1, 2, and 10-year
CREEDMORE - N e R
EDGEHILL VERY V) e volume (RV) measured
GRAVELLY iy N . -
SANDY LOAM, 2, \ - ~ T in watershed inches
2-12% SLOPES ; NS .
(HSG C) W\ RV, = 1.28 inches
% RV, = 1.76 inches
o MG RV,, = 3.30 inches
/ 4 —‘\7‘;::‘ \"\ (7S \\
MAYODAN - Py b\ S = \N=Sndl) AN
CREEDMORE - a4 A A e :; AU 0 . T WL .‘.o;bﬂ.‘./ AN 4
EDGEHILL VERY S Nt ) \ % AN
GRAVELLY N[ 72 LR t Hi il - P SN
SANDY LOAM, W\ AT LA x {4 ‘ 0 N
12-20% SLOPES A ‘ \ | ’ .
(HSG C) % " \
/ [ -
. o
§
EDGEHILL VERY s
GRAVELLY FINE S
{ SANDY LOAM - 2
TO 6 % SLOPES p LOTS (30% IMPERVIOUS)
o P : {HSG C)
MAYODAN - - MANAGED TURF
CREEDMORE- | | « I et
EDGEHILL VERY | | B vy Se IMPERVIOUS
GRAVELLY | ¥ e T
SANDY LOAM, RGN s e Yeaeme WET POND
2-12% SLOPES S e e
(HSG C)

Project Graphic Courtesy of Geosyntec
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Figure 2-1
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== Where Does the Runoff Depth come From?

8

Direct runoff (Q), inches

Curves on this sheet are for the
case | = 0.2S, so that

il 2
g- (P-0.25)
P+0.8S

7

1 2 3 4 5 6 7 8 9 10 11 12

P1-yr =2.79" Rainfall (P), inches
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Table 2-1  Runoff depth for selected CN's and rainfall amounts L/
|
Where Does the Runoff Depth come From?
Runoff depth for curve number of— CN = 83
Rainfall 10 15 50 55 60 65 70 5 80 85 90 95 08
inches

1.0 000 000 000 000 000 000 000 003 008 | 017 032 05 079

12 00 00 00 .00 00 .00 03 07 15 27T 46 4 99

1.4 00 00 00 .00 0002 06 13 24 39 61 92 118

1.6 00 00 .00 .00 0 05 11 20 34 52 76 L11 138

1.8 00 00 00 00 03 09 17 29 gy 65 93 129 158

2.0 00 .00 00 02 06 .14 24 38 56 80 109 148 L77
Piye = 25 00 00 02 08 AT .30 16 680 LIS 153 196 227
2.79” 30 00 0z 00 19 33 5l 1 096 1257 159 198 245 277
35 02 08 20 35 53 .76 1.01 130 16] 198" | 245 204 327
1.0 06 18 33 53 76 1.03 1.33 1.67 20 oo 292 343 377

45 14 30 50 74 102 133 1.67 205 246 291 340 392 426

5.0 24 A4 69 08 1.30 1.65 2.04 245 2.89 3.37 3.88 4.42 4.76

6.0 50 80 L4 152 192 235 28l 328 378 430 485 541 576

7.0 84 124 168 212 260 310 362 415 4690 525 582 641 676

8.0 1.25 1.74 2.25 2.78 3.33 3.89 4.46 5.04 5.63 6.21 6.81 7.40 7.76
9.0 171 220 288 349 410 472 5.33 595 657 TI8 779 840 876
10.0 223 280 356 423 490 556 622 688 752 816 878 940 976
11.0 278 352 426 500 572 643 713 781 848 913 977 1039 1076
12.0 338 419 500 579 656 7.32 805 876 945 1011 1076 1139 1176
13.0 100 489 576 661 742 821 898 971 1042 1110 1L76 1239 1276
14.0 465 562 655 T4 830 9.2 991 1067 1139 1208 1275 1339 13.76
15.0 533 636 735 829 919 1004 1085 1163 1237 1307 1374 1439 14.76

L/ Interpolate the values shown to obtain runoff depths for CN's or rainfall amounts not shown.
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Energy Balance De5|gn Example Option 2

[W|’rh RR]

BIORETENTION CELLS
NEW PERVIOUS PAVEMENT

RESIDENTIAL LOTS

MANAGED TURF

Project Graphic Courtesy of Geosyntec
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Channel & Flood Protection Tab

1 ’ i : 1.year sb:qum Lyear xfnn All-year ;onn : : 1’ 2’ a n d 10-

E_ Target Rainfall Event in) | 7y 13| 5144 \
‘ year storm

4 Drainage Area A

% Drainage Area [acres) 1980

& Runoff Reduction Volume |cf) pall ra i nfa I I d e pt h S
§ Dnnge e

9 Drainage Area [acres) 000

10 Runoff Reduction Volume (cf [

i Volume Reduction = 23,065 ft3

12 Drainage Area C

13 Drainage Area [acres) e
14 Runoff Reduction Volume [cf [
15
16 Draimage Area D
17 usnage Are o I 1, 2, and 10-year volume (RV)
18 Runoff Reduction Volume |cf) 0 o
9 —1 reduction =
20 Drainage frea E
. ” ”
21 Drainage Area [acres) 0.0 = ‘
22 Runoff Reduction Valume [cl) 0 RVl 1.28 0.96
b CN, =83 == 77
] 1~
25 Based on the use of Runoff Reduction practices in the sebected drainage areas, the spreadsheet caleulates an adjusted RVoeeipes and adjusted Curve Number, _ yJ) yJ)
% RV,=1.76" == 1.44
a Drainage Area A A sails B Soils C Soils 0 Soils
2 ForestiOpen Space - undishurbed, protected forestiopen Area [anres| 0o 0.00 040 0. CNZ - 83 - 78
i space o reforested [ang o El) % 10 m ” ”
30 Managed Tuf - disturbed, graded for yards or ather burfto be| _Area (acres| 000 0.00 1213 0.0 RV = 3 . 3 O ‘ 2 . 98
A mawed managed CH 3 61 ! 80 / 10
2 Ares [zeres) 000 0.00 (¥ 1w -—
£ Impervious Cover ] 9 % % % CN]_O = 83 - 80
U Weighted CN
3
3 1-year storm Lyear storm 10-year storm

i RV neviosed [in) with no Runoff Reduction 128 1.76 % EBV—
k] RVoevsteped (in] with Runoff Reduction 0.9 14 2% ﬁi
A Adjusted CH i i 0

VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY
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Curve Number Adjustment:
Hydrograph Modification

Runoff Depth Equations (TR-55):

Eq.2-1: Q= (P-1.) Eq.2-2: [, =028
(P—1la)+S ?
Eq.2-4: S = (@j —10
Where: CN

Q = runoff depth (in)

P = precipitation depth (in)

S = potential maximum retention after runoff begins

|, = initial abstraction, volume that must be filled before runoff

begins
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Figure 2-1
—
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Solution of runoff equation.

8

Direct runoff (Q), inches

Curves on this sheet are for the
case |, = 0.25, so that

_ 2
o (P-0.29)
P+0.8S

O

Step 5: Adjusted CN ~ 77

Step 2: Original CN = 83

5 & 7 g g 10 11 12

Step 4: Adjust For BTN Step 1: 2.8" rainfall

Retention (0.96")
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Channel & Flood Protection Tab
gm— p — T — 1,2, and 10-

E_ Target Rainfall Event in) | 7y 13| 5144 \
‘ year storm

4 Drainage Area A

% Drainage Area [acres) 1980

& Runoff Reduction Volume |cf) pall ra i nfa I I d e pt h S
§ Dnnge e

9 Drainage Area [acres) 000

10 Runoff Reduction Volume (cf [

i Volume Reduction = 23,065 ft3

12 Drainage Area C

13 Drainage Area [acres) e

14 Runoff Reduction Volume [cf [

15

16 Drainage Area D

17 usnage Are o I 1, 2, and 10-year volume (RV)
18 Runoff Reduction Volume |cf) 0

9 —1 reduction =

20 Drainage frea E

21 Drainage Area [acres) 0.00 RVl = 1 . 1 2” ‘ 0 . 9 6”

22 Rumoff Reduction Volume (cf) 0

i) —

: CN, =83 == 77

25 Based on the use of Runoff Reduction practices in the sebected drainage areas, the spreadsheet caleulates an adjusted RVoeeipes and adjusted Curve Number, _ yJ) yJ)
% RV,=1.54" == 1.44
a Drainage Area A A sails B Soils C Soils 0 Soils

2 ForestiOpen Space - undishurbed, protected forestiopen Area [anres| 0o 0.00 040 0. CN 2 - 83 - 78

i space o reforested [ang o El) % 10 m ” ”
30 Managed Tuf - disturbed, graded for yards or ather tuff o be .-'-reafcrisl 000 ﬂ;[lll 1213 M,ﬂ RV].O = 2 . 9 8 ‘ 2 . 98
] mawed managed ol 3 [l T 8

32 Area [acres) 000 0.00 n 0m - _

3 Impemvious Cover CH b % % ] CN 10~ 83 80

U Weighted CN §

3

3 1-year storm Lyear storm 10-year storm

i RV evsiaed (i) with no Runoff Reduction 15 1.76 kK] =

k] RVoevsteped (in] with Runoff Reduction 0.9 14 2% ﬁi

k] Adjusted CH i 8 ] . e
n VIRGINIA DEPARTMENT OF

ENVIRONMENTAL QUALITY
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Energy Balance Design Example

One-Year Storm Hydrology Summary: 19.8 acres

Pre- Post- Post-
Developed Developed Developed
no RR with RR
Runoff Curve Number /] 83 /7
Runoff Volume (RV) 0.62 In 1.28 in 0.96 In
Runoff Volume 1.02 ac-ft. 2.11 ac-ft. 1.58 ac-ft.
k Discharge (q,) 9 cfs 39 cfs 27 cfs

Post Developed EB
Allowed Peak
Discharge (cfs)

Storage Volume Reqd.,
(ac-ft)
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Energy Balance Design Example

* Compute the Energy Balance (EB) Allowed Peak
Discharge (with and without RR):

Jipost = Chpre( Viprel j(”: )

VIpostl

without RR with RR
0.62' 0.6
<9cfs 0.8 <9cfs | —
(ipost < (1.28 j( ) (1post (0.96

Qupost< 3.5 Cfs Qipost < 4.7 CfS

2N
N S
SN
o
(@0)
N
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Energy Balance Design Example

One-Year Storm Hydrology Summary: 19.8 acres

Pre- Post- Post-
Developed Developed Developed
no RR with RR
Runoff Curve Number /1 83 /7
Runoff Volume (RV) 0.62 In 1.28 in 0.96 In
Runoff Volume 1.02 ac-ft. 2.11 ac-ft. 1.58 ac-ft.
Peak Discharge (q;) 9 cfs 39 cfs 27 cfs
Post Developed EB
Allowed Peak Discharge 3.5 cfs* 4.7 cfs*
(cfs)

1. Increase in allowable discharge!

2. Energy Balance discharge not required to be less than ratio
reduction for Forested condition
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Energy Balance Design Example

One-Year Storm Hydrology Summary: 19.8 acres

Pre- Post- Post-
Developed Developed Developed

no RR with RR
Runoff Curve Number /] 83 /7
Runoff Volume (RV) 0.62in 1.28 in 0.96 In
Runoff Volume 1.02 ac-ft. 2.11 ac-ft. 1.58 ac-ft.
k Discharge (q,) 9 cfs 39 cfs 27 cfs
Post Developed EB
Allowed Peak 3.5 cfs 4.7 cfs
Discharge (cfs)
>forage Volume Reqd. 1.16 ac-ft.* 0.76 ac-ft.*

(ac-ft)
37% Reduction in required 1-yr Channel Protection
Storage Volume
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14c. Flood
Protection

b
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Water Quantity Criteria Flood Protection
9VAC25-870-66. C

No Flooding: Local Flooding:
Demonsirate: Must eliminate flooding by:

on-site detention

No 10-yr flooding pre

No 10-yr flooding post system improvements

(detention/improvements) Combination
-—-TO LIMITS OF ANALYSIS--- ---TO LIMITS OF ANALYSIS---
OR

Detention of 10-year peak
flow to less than existing

--NO LIMITS OF ANALYSIS (POST)--
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Water Quantity Control Compllance

Limits of Analysis:

* Downstream capacity analysis
carried to a point where:

watershed area or

— Site’s 10-yr contributing peak flow
rate is < 1% of total watershed area
(before implementation of any
guantity detention)

— Storm water conveyance system
enters mapped floodplain/flood-
prone area
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14d. Sheet Flow
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Sheet Flow

9VAC25-870-66. Water quantity.

D.

Increased volumes of sheet flow resulting
from pervious or disconnected impervious
areas, or from physical spreading of
concentrated flow through level spreaders,
must be identified and evaluated for
potential impacts on down-gradient
properties or resources.
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Sheet Flow
9VAC25-870-66. D

e  Tvolumes of sheet flow

must be identified and
evaluated

*  Tvolumes of sheet flow

creating impacts must be
diverted to stormwater

B
o )
<.
e
1S

t flow

VIRGINIA DEPARTMENT OF 2
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management facility or
conveyance system
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Questions?

VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY
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